Abstract. Biofuels construct an essential pillar of energy systems. Biofuels are considered as a popular resource for electricity production, heating, household, and industrial usage, liquid fuels, and mobility around the world. Thus, the need for handling, modeling, decision-making, demand, and forecasting for biofuels are of utmost importance. Recently, machine learning (ML) and deep learning (DL) techniques have been accessible in modeling, optimizing, and handling biofuels production, consumption, and environmental impacts. The main aim of this study is to review and evaluate ML and DL techniques and their applications in handling biofuels production, consumption, and environmental impacts, both for modeling and optimization purposes. Hybrid and ensemble ML methods, as well as DL methods, have found to provide higher performance and accuracy in modeling the biofuels.
Introduction
The global energy systems are highly dependent on fossil fuels [1, 2] . The importance of energy systems and their role in economics and politics is not hidden for anyone [3, 4] . This issue is not only important for the advanced industrialized countries, which are major energy consumers but is also essential for oil-rich countries [5] . Because countries have to understand the fact that fossil fuel resources are limited resources. In addition to the nature of these fuels, which contains polluting substances, the issue of their ending up has aggravated the growing concern. Therefore owing to depleting non-renewable energy resources, pollution, and environmental damage, the world is turning towards renewable energy resources [6] . Fossil fuels remain as one of the major energy resources worldwide [7] . Heavy dependence on fossil fuels has caused an energy crisis.
Using fossil fuel for economic activities leads to GHG emissions from almost all regions of the world [8] . Renewable resources like biofuels make an attractive contribution towards meeting the growing demand for energy supply [9] [10] [11] . Owing to environmental concerns and the rise and fluctuations in the fossil fuel resources, worldwide interests have moved towards biodiesel, a clean and renewable alternative for fossil fuels [12, 13] . Biofuels can be used in different fields for energy production like electricity production, power production, or transportation [14] . The economy of biofuels and related refineries will be shaped by policies that have shaped the economy of hydrocarbon and its refineries over the last century [15] [16] [17] [18] . Due to the environmental benefits of biofuels, their contribution to the automotive fuel market is increasing sharply. Various scenarios have been written about the estimated biofuels from different sources in the future energy system. The availability of biofuels for the electricity market, heating, and liquid fuels is very important. Therefore the need for handling, modeling, decision making, and forecasting for biofuels can be one of the main challenges for scientists [19] [20] [21] [22] . Figure.1 shows the research trend in literature considering biofuels. Note that, since 2015 the research in this realm has stopped been progressing. Recently, machine learning and deep learning techniques have been accessible in modeling, optimizing and handling the biodiesel production, consumption, and its environmental impacts by considering the effect of parameters on biofuel production yield because the production of the desired product needs an effective use of experimental model [23] . These methods provide an independent modeling approach to the nature of the process or its mathematical models and are able to model the process with high accuracy [9, 11, 24, 25] .
The primary purpose of this study is to present a review in a specific field to find the strengths and weaknesses of the field and to provide a complete background. The main aim of this study is to evaluate the ML and DL techniques developed for handling biofuels production, consumption, and environmental impacts, both for modeling and optimization purposes. The study initially explains and defines different biofuels. Then provides a general survey about the characteristics and the basis of the developed studies. In the next stage, explains the state of art of the DL and ML techniques employed in the field. Finally, concludes the results and achievements and proposes the strengths and weakness of different DL and ML techniques.
ML and DL methods in biofuels research
The application of ML and DL methods in various scientific and engineering domains have been previously investigated [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . Generally, the ML methods are reported to be further advancing to through ensemble and hybrid techniques . On the other hand, the DL methods are still considered as a new phenomenon and are slowly progressing.
In this section, the most popular ML and DL methods in biofuels research are identified and reviewed. During the past decade, the application of these intelligent algorithms has been dramatically increases in biofuels research. Figure 2 . represents the increasing demand and popularity of using DL and ML in handling biofuels. It is apparent that since 2010, the use of DL and ML has been increasing until the year 2017.
Since then, it starts to decline. The reason can be found in the overall decrease in the number of literature in biofuels research. We made three classifications of the methods, i.e., neural networks-based methods, single ML methods, and a separate group for deep learning, ensembles, and hybrid models. 
Further single ML methods for biofuels research
This section includes support vector machines (SVM), decision trees (DTs) regression tree (RTs), Bayesian, k-means, and k-nearest neighbors, presented in table 3. To develop prediction models for the estimation of biofuels pellet quality using 
Deep learning, machine learning, ensembles, and hybrid models for biofuels research
In this section, the more sophisticated ML methods in addition to DL are presented.
Here may include neuro-fuzzy models, various DL models, and ensemble MLs, presented in table 5. [67] To develop a novel Multi-criteria decision making for improving the energy management system and increasing the energy efficiency 
MCDM

Conclusion
This paper studies the applications and progress of ML and DL methods biofuels research. This study presents an in-depth survey and analysis of the 'hybrid model' and 
